Introduction
============

Polypharmacy is the use of multiple medications by a patient, including prescription as well as over-the-counter drugs, and also those medications used in complementary and alternative medicine, including dietary supplements.[@b1-cia-8-1585] Polypharmacy can be defined quantitatively, ie, above a predefined number of drugs, although there is still no consensus as to the number of drugs; or defined qualitatively, referring to drugs used without clear clinical indication, regardless of the drug number.[@b2-cia-8-1585] Although thresholds used for polypharmacy investigations have been reported to be between two to nine drugs, or more,[@b2-cia-8-1585],[@b3-cia-8-1585] most authors have used the threshold of five or more prescription drugs.[@b4-cia-8-1585],[@b5-cia-8-1585] Some authors have defined polypharmacy as the use of six to nine drugs, and above that number, described as excessive polypharmacy.[@b6-cia-8-1585]

Polypharmacy effects are numerous and include adverse drug reactions, responsible for 5%--6% of all hospitalizations[@b7-cia-8-1585] and up to 12% in the elderly population.[@b8-cia-8-1585] Other effects of polypharmacy include interactions between drugs, and between drugs and nutrients;[@b9-cia-8-1585] nonadherence that increases in parallel with the number of drugs;[@b8-cia-8-1585] and inappropriate prescribing that is correlated with the number of drugs.[@b10-cia-8-1585],[@b11-cia-8-1585] which is highly prevalent in nursing home (NH) patients.[@b9-cia-8-1585],[@b12-cia-8-1585]

In an extensive review of English-language original articles starting from 1990 including approximately 84,000 patients, Tamura et al[@b13-cia-8-1585] reported that polypharmacy in NHs was consistently associated with a high incidence of potentially inappropriate drug use and an increase of adverse drug reactions, drug--drug interactions, and hospitalizations.

The Slone survey,[@b14-cia-8-1585] an ongoing study of a random sample of 2,590 noninstitutionalized individuals aged at least 18 years, revealed that 57% of women and 44% of men \>65 years old in the USA took five or more drugs per day during the preceding week. Similar use of drugs was found in Europe, where 51% of the older population took at least six drugs per day.[@b15-cia-8-1585] In the 2004 National Nursing Home Survey conducted in the USA, 40% of the patients consumed at least nine different drugs per day. The odds of polypharmacy were higher for female residents, those who had more than three comorbidities, those who needed assistance with four or fewer activities of daily living, and those who received care in a not-for-profit facility.[@b16-cia-8-1585]

In a very large Canadian study, including all long-term care homes in Ontario, the polypharmacy rate of ≥9 drugs was 15.5% with a large variability (7.9%--26.2%) between the institutions. Residents of the long-term care homes having polypharmacy, experienced more comorbidites than those taking fewer drugs.[@b17-cia-8-1585] Data from the Canadian National Population Health Survey revealed a polypharmacy ≥5 drug rate of 53% among residents living in long-term care institutions; this level of polypharmacy was associated with comorbidities and chronic pain.[@b18-cia-8-1585] High polypharmacy rates were also found in the European SHELTER study investigating medication use among nursing home residents: 49.7% for five to nine drugs and 24.3% for ≥10 drugs.[@b19-cia-8-1585] Polypharmacy was directly correlated with comorbidities and chronic pain, and indirectly with age and functional and cognitive decline.[@b19-cia-8-1585] Other studies from the Singapore and the Netherlands also demonstrated a high rate of polypharmacy in NH residents.[@b20-cia-8-1585],[@b21-cia-8-1585]

Our objectives were to investigate polypharmacy in NHs in central Israel and to determine its rates, variability between institutions, and its relationship to age, sex, functional status, length of stay, and comorbidities.

Methods
=======

Study design
------------

Following the approval of Beilinson Hospital's Institutional Review Board, Rabin Medical Center, (which belongs to the Clalit Health Services and where the principal investigator is a senior staff member), demographic, clinical characteristics, and data on chronic medication use was cross-sectionally collected from six NHs (four for-profit and two not-for-profit long-term care institutions). For procedural and ethical reasons, only residents insured by Clalit Health Services, the major nongovernmental nonprofit health organization in Israel (insuring 53% of the total population, and approximately 70% of the population \>75 years), were included in the study. Each NH included two separate resident departments: one for fully dependent patients; and the other for mobile, demented patients requiring institutional care.

Data collection and measures
----------------------------

Data collected from the medical files in each NH from November 2011 to February 2012 included age, sex, length of stay (LOS), and comorbidities. Only residents aged ≥65 who had been institutionalized for at least 1 month were included. The Charlson comorbidity index (CCI) was calculated for each patient.[@b22-cia-8-1585] Residents were grouped as those functionally fully dependent (among whom the large majority had at least mild to moderate dementia) and those who were mobile and demented. Only chronic medications given orally, by inhalation, or eye drops, given for at least 1 month prior to data collection, were recorded for each resident (complementary, over-the-counter, and nutritional supplements were not recorded). In Israel, only physicians prescribe drugs (the nurse practitioner concept, ie, nurses with autonomy to prescribe drugs, is still in its early stages). All chronic medications were regrouped into drug classes. Two types of polypharmacy were determined: polypharmacy defined as \>5 drugs/day and polypharmacy defined as \>7 drugs/day. We defined the threshold for polypharmacy as six or more drugs/day, as did previous publications that considered six drugs as the minimum required for polypharmacy.[@b6-cia-8-1585] The threshold of eight or more drugs/day was determined by the Israeli Ministry of Health and is required to be noted in the medical files of all NH residents in Israel.

Statistical analysis
--------------------

The one-way analysis of variance (ANOVA) was used for testing the relationship between normally distributed continuous variables and categorical variables (ie, comparing the mean number of drugs used between NHs, or comparing the means of LOS, age, and CCI score between NHs). The chi-square test examined the relationship between categorical variables (ie, compared the mean rates of polypharmacy \>5 drugs and polypharmacy \>7 drugs between NHs or between age groups, or between fully functionally dependent and mobile demented residents). Spearman's correlation was used to measure the relationship between number of medications and LOS. Forward stepwise logistic regression analysis determined the independent variables affecting polypharmacy \>5 drugs. A *P*-value of \<0.05 was considered significant.

Results
=======

Nine hundred and ninety-three residents (708 women, 285 men) were included in the study; this number represents about 70% of all residents residing in the six institutions. Seven hundred and fifty (75.5%) were fully dependent, and 243 (24.5%) were mobile demented residents requiring institutional care; 97 (9.8%) residents had feeding tubes. The mean age was 85.04±7.55 years (range 65--108 years). Residents' distribution according to NH and age groups are detailed in [Table 1](#t1-cia-8-1585){ref-type="table"}. The number of drugs per resident varied from none to 17; [Table 2](#t2-cia-8-1585){ref-type="table"} describes the rates of main drug classes.

Mean rates of polypharmacy \>5 drugs and polypharmacy \>7 drugs were 42.6% and 18.6%, respectively. However, there were significant variations between NHs in polypharmacy of \>5 drugs and polypharmacy of \>7 drugs: 24.7%--56% and 4.9%--30.4%, respectively (*P*\<0.001). The mean number of drugs per resident was 5.14±2.60 with significant differences between NHs, ranging from 3.81±2.24 to 5.95±2.73 (*P*\<0.001). There were no differences in polypharmacy rates between for-profit and not-for-profit institutions. It is worth noting that the NH with the lower polypharmacy rate and mean drugs per resident was mainly occupied by mobile demented patients and maintained a more specialized medical approach to demented residents. There were no differences in the rate of polypharmacy \>5 drugs or polypharmacy \>7 drugs between residents grouped by sex or between fully dependent and mobile demented patient groups ([table 3](#t3-cia-8-1585){ref-type="table"}). There were no differences between NHs in the number of residents in each age group (*P*=0.4), nor in their mean ages (*P*=0.13).

The rate of polypharmacy \>5 drugs and polypharmacy \>7 drugs decreased with age: 58.3%, 44%, 39%, and 34%, 20.4%, 14.8% for ages 65--74, 75--84, and \>85, respectively (*P*=0.001, *P*\<0.001). The mean LOS was 36.4±35.3 months, with significant variations between NHs, from 28.1±26.6 to 50.6±39.3 months (*P*\<0.001). An inverse correlation was found between mean number of drugs per resident and LOS (*r*= −0.178, *P*\<0.001). Four hundred seventy-eight residents were institutionalized \<2 years; 514, \>2 years. The rate of polypharmacy, both for polypharmacy \>5 drugs and \>7 drugs, was higher in residents institutionalized \<2 years, compared with those institutionalized \>2 years: 50.2% versus (vs) 35.6%, and 23.4% vs 14.2%, respectively (*P*\<0.001).

The mean CCI score was 2.45±1.59, with significant variations between NHs, from 2.74±1.74 to 1.97±1.2 (*P*=0.001). No relationship was found between age and CCI score. The CCI score was higher in residents with polypharmacy \>5 drugs and polypharmacy \>7 drugs compared to those without: 2.99±1.69 vs 2.04±1.38 and 3.44±1.76 vs 2.21±1.46, respectively (*P*\<0.001).

Both polypharmacy \>5 drugs and polypharmacy \>7 drugs were less prevalent in residents with feeding tubes: 20.6% vs 45.1% and 8.2% vs 19.8%, respectively (*P*=0.004). [Table 4](#t4-cia-8-1585){ref-type="table"} summarizes the demographic and clinical parameters according to polypharmacy \>5 drugs and polypharmacy \>7 drugs.

Because several variables were found associated with polypharmacy, we conducted a forward stepwise logistic regression analysis to determine the independent variables. Included were age groups, presence or absence of feeding tube, LOS of 2 years or less, CCI score and functional resident groups (fully dependent vs mobile demented residents). Four independent variables for polypharmacy \>5 drugs were found: age group 75--84 and \>85 years old relative to 65--74, odds ratio (OR) 0.46 (95% confidence interval \[CI\] 0.27--0.78) *P*=0.004, OR 0.35 (95% CI 0.19--0.53) respectively, *P*\<0.001; LOS \>2 years, OR 0.51(95% CI 0.36--0.73) *P*\<0.001; CCI, OR 1.58 (95% CI 1.42--1.75) *P*\<0.001; and feeding tube vs normal feeding, OR 0.27 (95% CI 0.12--0.60) *P*=0.001.

Discussion
==========

We determined the rate of polypharmacy in a large group of residents from several NHs in Israel and found a large variability among them. Polypharmacy was more common in the younger age group, in residents institutionalized \<2 years, in those with a higher comorbidity index, and in residents who did not need a feeding tube.

The rate of polypharmacy \>5 drugs appeared to be much lower than the rate reported in the National Nursing Home Survey conducted in the USA, where 40% of the patients used at least nine drugs.[@b16-cia-8-1585] However, in the American survey, almost 12% of the residents were \<65 years old and only 45% were \>85 years, compared with 57% of the residents \>85 years in our study, in whom polypharmacy was significantly lower. In the Canadian study, including all the long-term care homes in Ontario,[@b17-cia-8-1585] the polypharmacy rate of ≥9 drugs was 15.5%, very similar to the rate of polypharmacy \>7 drugs in the present study. Moreover, in 57 NHs in Europe, the mean polypharmacy rate of five to nine drugs was 49.7%, comparable to that in our study.[@b19-cia-8-1585]

Variability of polypharmacy between NHs was observed and was more marked in other countries. In the Canadian study, polypharmacy varied between 7.9% and 26.2%;[@b17-cia-8-1585] in the European study between 8.8% in Italy and up to 56.7% in Finland.[@b19-cia-8-1585] The reasons for this variability between institutions probably results from multiple factors such as number of prescriptions and treating physicians, different approaches to drug prescriptions between physicians (ie, strict adherence to guidelines or a more permissive or individual approach, as well as from economic restrictions).[@b17-cia-8-1585],[@b19-cia-8-1585] The socioeconomic class of residents might be very different between NHs, greatly affecting medication use. This occurred in our present study, where one of the NHs had the lowest polypharmacy rate and was occupied mainly by mobile demented residents with a lower comorbidity index. This observation is somewhat contradictory to the finding that there were no differences in polypharmacy between fully dependent and mobile demented resident groups. Our assumption is that in the other 5 NHs, the mobile demented residents, although regrouped in specific departments, were not treated very differently pharmacologically as compared with other residents from departments of fully dependent residents. However, in the sixth NH, where almost all residents were mobile demented patients, there was a more specialized, oriented, and comprehensive approach that should have reduced drug prescriptions. Indeed, other large studies revealed a lower polypharmacy rate in demented residents compared with others.[@b23-cia-8-1585],[@b24-cia-8-1585]

This vast polypharmacy variability between NHs emphasizes, from our point of view, the real possibility if not the necessity to reduce polypharmacy rates. In fact, some authors have demonstrated that extensive reduction of unnecessary medications in older patients in the community and in NHs is possible -- and probably beneficial.[@b25-cia-8-1585],[@b26-cia-8-1585]

The drugs most frequently used were prescribed for disorders of the gastrointestinal, nervous, and cardiovascular systems ([Table 2](#t2-cia-8-1585){ref-type="table"}). Similar drug distributions were also described in NHs from other countries.[@b16-cia-8-1585]--[@b19-cia-8-1585],[@b23-cia-8-1585] For example, 38.6% of residents in our study used antipsychotic drugs, whereas in other studies, the use varied from 25.9%[@b16-cia-8-1585] to 42.9%.[@b23-cia-8-1585] We did not investigate the inappropriate prescribing, but we presume that we would have found it as common, as has been found in Norway (25.3%),[@b24-cia-8-1585] the USA (37.5%),[@b27-cia-8-1585] and Singapore (up to 70%).[@b20-cia-8-1585]

Regression analysis of our data determined that being part of a younger age group is a risk factor for polypharmacy, and some large surveys demonstrated the same results,[@b16-cia-8-1585],[@b18-cia-8-1585],[@b23-cia-8-1585] whereas others showed no age effect on polypharmacy.[@b28-cia-8-1585],[@b29-cia-8-1585] There are several plausible explanations for the inverse relationship between age and drug use. Firstly, residents who reach an older age are a priori healthier and consequently need fewer medications. Secondly, in an older aged population, because of frailty and comorbidities, physicians are more cautious and limit the number of prescribed drugs.[@b29-cia-8-1585] Frailty is prevalent in old age and largely signifies a decrease in the physiologic and functioning reserves and an inability to adequately respond to stress.[@b30-cia-8-1585] Frail older people have multiple comorbidities, polypharmacy, and often exhibit cognitive and functional decline that renders them highly vulnerable to adverse drug reactions, geriatric syndromes, and hospitalizations. Several recent studies have revealed a strong association of polypharmacy with frailty.[@b31-cia-8-1585],[@b32-cia-8-1585]

Some authors have investigated the relationship between LOS and polypharmacy. A comparison of these investigations is difficult because definitions of LOS vary considerably, from months to years.[@b29-cia-8-1585] However, Dwyer et al[@b16-cia-8-1585] reported a lower rate of polypharmacy of ≥9 drugs in residents institutionalized \>5 years compared with those institutionalized \<5 years. This finding concurs with our results, though we studied polypharmacy \>5 drugs and compared residents institutionalized \<2 years vs \>2 years. Residents who have been institutionalized for several years are generally medically stable, might live longer, and are therefore healthier and need fewer drugs.

The CCI was also found to be an independent risk factor for polypharmacy. Dwyer et al[@b16-cia-8-1585] found that the polypharmacy rate increased up to three-fold if the number of comorbidities exceeded ten, compared with only three comorbidities.[@b16-cia-8-1585] Bronskill et al[@b17-cia-8-1585] showed that when Charlson-Deyo scores[@b33-cia-8-1585] (an adaptation of the CCI designed for use with medical records for research relying on International Classification of Diseases[@b33-cia-8-1585] \[ICD-9-CM\] diagnosis and procedure codes) are ≥2, the rate of polypharmacy ≥9 almost doubles. Elseviers et al[@b23-cia-8-1585] reported a direct relationship between the number of comorbidities and number of chronic drugs ingested.

Polypharmacy was almost four times less prevalent in residents with a feeding tube. We believe that these residents were treated with minimal, and only essential, drugs due to their poor status, their prognosis, and the limitations of drug administration through the feeding tube.

This study has some limitations. Only six NHs from the central and most populated areas of the country were included. However, because Israel is a small country and the quasi-totality of NHs are closely supervised under strict regulations of the Israeli Ministry of Health (eg, number and qualifications of physicians, nurses, physiotherapists, occupational therapists, dietitians, social workers, and other auxiliary staff, nutritional parameters, number of residents/department, building regulations) and because we included for- and not-for-profit institutions, we believe that our sample is representative regarding age, sex profiles, and clinical characteristics of Israeli NHs. We did not investigate drug appropriateness, potential interactions, or adverse drug reactions, which are very important qualitative parameters; however, they are not within the scope of the present study.

Despite its limitations, this study is, to the best of our knowledge, the largest study describing and analyzing drug use in NHs in Israel. We conclude that rates of polypharmacy in NHs are high, with a significant variability. The variability in rates of polypharmacy, distinct residents' characteristics, and excessive use of certain drug groups, may indicate that a decrease in medication is potentially feasible.

The authors thank Mrs Phyllis Curchack Kornspan for her editorial services.

**Disclosure**

The authors have no conflicts of interest relating to this article.

###### 

Patient distribution according to nursing home and age groups

  Parameters     Patient number (%)
  -------------- --------------------
  Nursing home   
   1             248 (25)
   2             197 (19.8)
   3             195 (19.6)
   4             147 (14.8)
   5             81 (8.2)
   6             125 (12.6)
  Age groups     
   65--74        103 (10.4)
   75--84        324 (32.6)
   ≥85           566 (57.0)

**Note:** The numbers under the "Nursing home" designation are for purposes of data separation only, they have no other significance.

###### 

Rates of main drug classes

  Drug groups                                     Rate %
  ----------------------------------------------- --------
  H2 blockers and proton-pump inhibitors (PPIs)   48.0
  Benzodiazepines                                 46.9
  Antiplatelet drugs                              40.6
  Neuroleptics                                    38.6
  ACE inhibitors and ARBs                         31.0
  SSRIs and SNRIs                                 30.9
  Beta blockers                                   29.3
  Diuretics                                       26.9
  Lipid lowering drugs                            22.2
  Antidiabetic drugs                              21.4
  Calcium blockers                                21.1
  Levothyroxine                                   18.1
  Anti-Parkinsonian drugs                         14.2
  Medical eye drops                               11.9
  Nonbenzodiazepine sleeping pills                10.9
  Antiepileptic drugs                             9.0
  Alpha blockers                                  8.9
  Anticoagulants                                  8.1
  Antiarrhythmic drugs                            6.0
  Analgesics                                      4.8
  Steroids                                        4.5
  Nitrates                                        3.9
  Acetylcholinesterase inhibitors and memantine   3.2
  Bisphosphonates                                 3.1
  Chronic use of inhalations                      2.2

**Abbreviations:** ACE, angiotensin-converting enzymes; ARBs, angiotensin receptor blockers; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin-norepinephrine reuptake inhibitors.

###### 

Rates of polypharmacy according to functional status and sex

  Polypharmacy                    Fully dependent (750 residents)   Mobile demented (243 residents)   Male/female ratio
  ------------------------------- --------------------------------- --------------------------------- -------------------
  Polypharmacy                    43.5%                             39.9%                             125/298
  \>5 drugs/day (423 residents)                                                                       
  Polypharmacy                    19.4%                             16.5%                             55/130
  \>7 drugs/day (185 residents)                                                                       

###### 

Main clinical parameters, mean number of drugs/day and rates of polypharmacy in the six nursing homes

  Nursing homes   Mean age (±SD)   Mean number of drugs/day (±SD)   Mean LOS in months (±SD)   Mean CCI score (±SD)   Rate (%) of polypharmacy \>5 drugs/day   Rate (%) of polypharmacy \>7 drugs/day
  --------------- ---------------- -------------------------------- -------------------------- ---------------------- ---------------------------------------- ----------------------------------------
  1               83.9 (7.3)       5.08 (2.8)                       28.1 (26.6)                2.37 (1.5)             42.1                                     20.6
  2               85.2 (8.0)       5.29 (2.5)                       50.6 (39.4)                2.54 (1.6)             45.2                                     17.3
  3               85.5 (7.8)       5.20 (2.5)                       31.3 (38.7)                2.23 (1.4)             42.6                                     17.9
  4               85.9 (7.5)       5.00 (2.4)                       37.4 (39.2)                2.74 (1.7)             38.8                                     15.6
  5               85.5 (6.7)       3.81 (2.2)                       43.3 (28.8)                1.97 (1.2)             24.7                                     4.9
  6               85.0 (7.5)       5.1 (2.6)                        32.9 (29.5)                2.72 (1.9)             56.0                                     30.4

**Abbreviations:** SD, standard deviation; LOS, length of stay; CCI, Charlson comorbidity index.
